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TO STEEL MAKING

Industrial Applications

Blast Furnace Granular-CoalBlast Furnace Granular-CoalBlast Furnace Granular-CoalBlast Furnace Granular-CoalBlast Furnace Granular-Coal
Injection System Demonstra-Injection System Demonstra-Injection System Demonstra-Injection System Demonstra-Injection System Demonstra-
tion Projecttion Projecttion Projecttion Projecttion Project
Project completed.Project completed.Project completed.Project completed.Project completed.

ParticipantParticipantParticipantParticipantParticipant
Bethlehem Steel Corporation

Additional TAdditional TAdditional TAdditional TAdditional Team Memberseam Memberseam Memberseam Memberseam Members
British Steel Consultants Overseas Services, Inc.

(marketing arm of British Steel Corporation)—
technology owner

Clyde Pneumatic (formerly named Simon-Macawber,
Ltd.)—equipment supplier

Fluor Daniel, Inc.—architect and engineer
ATSI, Inc.—injection equipment engineer  (North

America technology licensee)

LocationLocationLocationLocationLocation
Burns Harbor, Porter County, IN (Bethlehem Steel’s

Burns Harbor Plant, Blast Furnace Units C and D)

TTTTTechnologyechnologyechnologyechnologyechnology
British Steel and Clyde Pneumatic blast furnace granular-
coal injection (BFGCI) process

Plant Capacity/ProductionPlant Capacity/ProductionPlant Capacity/ProductionPlant Capacity/ProductionPlant Capacity/Production
7,000 net tons of hot metal (NTHM)/day requiring 2,800
tons/day of coal (each blast furnace)

CoalCoalCoalCoalCoal
Virginia Pocahontas/Buchanan; 0.76% S, 86.39% C
Oxbow; 0.76% S, 73.2% C

Project FundingProject FundingProject FundingProject FundingProject Funding
Total project cost $194,301,790 100%
DOE 31,824,118 16
Participant 162,477,672 84

Project ObjectiveProject ObjectiveProject ObjectiveProject ObjectiveProject Objective
To demonstrate that granular coal could effectively dis-
place coke and maintain established blast furnace produc-

tion rates and quality specifications; to determine the
effect of coal chemistry, such as ash content (quantity and
sulfur levels) and volatile levels, on blast furnace perfor-
mance; and to evaluate the economics of granular coal
injection relative to natural gas injection.

TTTTTechnology/Project Descriptionechnology/Project Descriptionechnology/Project Descriptionechnology/Project Descriptionechnology/Project Description
The BFGCI process uses granular coal, which requires
significantly less grinding energy than pulverized coal to
produce.  The coal, along with heated air, is blown into
the lower part of the blast furnace through passages called
tuyeres, which create swept zones in the furnace called
raceways.  This preheated blast air provides partial oxida-
tion of the coke introduced along with the iron ore and
limestone at the top of the furnace.  The coke serves as
the primary fuel and reducing agent for the process.  The
carbon reacts with the air and the iron oxide ore to pro-

duce heat, iron, and carbon monoxide.  The limestone
acts as a fluxing agent, creating a slag to capture mineral
constituents such as sulfur and silicon not wanted in the
product.  The low-Btu gas leaving the furnace is essen-
tially free of sulfur and is used to preheat blast air and fire
a boiler for on-site power.

Bethlehem Steel introduced coal injection primarily to
reduce the amount of coke needed in the blast furnace,
which also replaced the natural gas normally injected in
the tuyeres for supplemental fuel.  High levels of air
toxics emissions result from coke production requiring
extensive, expensive control systems.  Bethlehem Steel
retrofitted Units C and D at its Burns Harbor facility, both
rated at 7,000 NTHM/day.  The project sought to deter-
mine the effect of coal size and chemical composition on
process performance and economics.
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20001999199819971996199519941993199119901989

PreawardPreawardPreawardPreawardPreaward

DOE selected
project (CCT-III)
12/19/89

12/8912/8912/8912/8912/89 111111/901/901/901/901/90

Cooperative agreement awarded  11/26/90

Design and ConstructionDesign and ConstructionDesign and ConstructionDesign and ConstructionDesign and Construction Operation and ReportingOperation and ReportingOperation and ReportingOperation and ReportingOperation and Reporting
10/9910/9910/9910/9910/99

Project completed/
final report issued  10/99

Operation completed  11/98

**

NEPA process completed (EA) 6/8/93

Construction started  9/93

Design completed  12/93

Environmental monitoring plan completed  12/23/94
Construction completed 1/95

Preoperational tests initiated  2/95
Operation initiated  11/95

111111/951/951/951/951/95

**Years omitted

Results SummaryResults SummaryResults SummaryResults SummaryResults Summary
EnvironmentalEnvironmentalEnvironmentalEnvironmentalEnvironmental
• BFGCI technology, using low-volatile, low-ash coal,

displaced up to 0.96 pounds of coke for every pound
of coal, which avoids the air toxics emissions associ-
ated with comparable coke production.  By adjusting
blast furnace slag, no additional sulfur emissions
resulted from the coal injection, and sulfur levels in
the product remained within the specified range.

OperationalOperationalOperationalOperationalOperational
• Granular coal performed as well as pulverized coal on

the large blast furnaces and proved easier to handle
than pulverized coal, which tended to plug when using
low-volatile coals.  Direct comparative testing on a
specific coal showed that 60% less energy is con-
sumed in granulating coal than in pulverizing coal.

• Coal injection decreased furnace permeability, which
can adversely affect hot blast flow rate and furnace
productivity, but increasing oxygen enrichment and

moisture content returned permeability and productiv-
ity to acceptable levels.  Low-volatile coal replaced
significantly more coke than lower carbon content,
high-volatile coal, which was a major objective and
also a measure of the quality of the overall operation.
Using low-volatile Virginia Pocahontas coal, the coke
rate was reduced from approximately 740 lb/NTHM to
661 lb/NTHM.

• There is a coke rate disadvantage of 3 lb/NTHM for
each one percent increase in ash content at an injection
rate of 260 lb/NTHM.  Higher ash coal had no adverse
effect on furnace permeability, productivity, or product
quality, but the slag volume increased.

EconomicEconomicEconomicEconomicEconomic
• The capital cost for one complete injection system at

Burns Harbor was $15,073,106 (1990$) for the 7,200
NTHM/day blast furnace.  The total fixed costs (labor
and repair costs) at Burns Harbor were $6.25/ton of
coal.  The total variable costs (water, electricity, natu-
ral gas, and nitrogen) were $3.56/ton of coal.  Coal

costs were $50-60/ton.  At a total cost of $60/ton and a
natural gas cost of $2.80/106 Btu, the iron cost savings
would be about $6.50/ton of iron produced.  Based on
the Burns Harbor production of 5.2 million tons of
iron per year, the annual savings is about $34 million.
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Project SummaryProject SummaryProject SummaryProject SummaryProject Summary
Bethlehem Steel retrofitted two high-capacity blast fur-
naces with BFGCI technology, Units C and D, at their
Burns Harbor facility in a successful attempt to reduce
coke use and become a self-sufficient supplier.  The ques-
tions posed in applying the technology went to the effect
of coal grind (size) and coal chemistry on coke displace-
ment and furnace performance.  A coal pulverizer in lieu
of a less energy- and capital-intensive hammer mill, was
used to provide a range of coal grinds from granular (30%
passing 200 mesh) to pulverized (80% passing 200
mesh).  Each 7,000-NTHM/day furnace required approxi-
mately 2,800 tons/day of coal.  Each BFGCI unit in-
cluded a raw coal reclaim area and two 240-ton enclosed
storage bins, a 500-Hp Williams variable speed coal-
grinding mill and integrated dryer, two 180-ton product
coal silos designed to exclude oxygen, two distribution
bins each with 14 conical pant leg distributors, 28 injec-
tors with lock hoppers and metered screw feeders, and a
high-pressure air system transporting the coal 600 feet to
injection lances mounted on 28 separate tuyeres.

Operational PerformanceOperational PerformanceOperational PerformanceOperational PerformanceOperational Performance
Initial steady-state testing involved operation on granu-
lated (15% passing 200 mesh) Virginia Pocahontas low-
ash, low-volatile, high-carbon coal in the Unit C furnace.
This coal was selected as the baseline coal after a series
of trials on different coal types.  An average coal injection
rate of 264 lb/NTHM was achieved over the baseline
October 1996 performance period.  The furnace coke rate
during the period was 661 lb/NTHM, down from 740 lb/
NTHM when operating on natural gas.

Increasing slag volume in the furnace controlled the
additional sulfur and silicon loading from the coal injec-
tion to specified levels in the hot metal product.  The slag
also captured sufficient sulfur to prevent any additional
sulfur in the furnace gas output.  An adverse downturn in
furnace permeability resulting from coal injection was
moderately increased and compensated for by increasing
the oxygen enrichment from 24.4–27.3% and increasing

steam input from 3.7 grains/scf to 19.8 grains/scf.  The
permeability adjustments enabled furnace productivity to
be maintained.

To determine the coal/coke replacement ratio, all factors
impacting on coke rate other than coal injection had to be
removed from the equation.  After doing so, the adjusted
furnace coke rate shows that one pound of Virginia
Pocahontas baseline coal displaces 0.96 pounds of coke.
The next test addressed the impact of ash volume on coke
displacement and furnace performance.  To do so, only
the percentage of ash was increased, not the coal or ash
chemistry.  This was done by eliminating a coal cleaning
step on the Pocahontas Seam coal (obtained from the
Buchanan Mine), which increased the ash content from
5.3–7.7%. Tests showed that there is a coke rate disad-
vantage of 3 lb/NTHM for each one percentage point
increase in coal ash content at an injection rate of 260 lb/
NTHM; and the higher ash coal had no adverse impact on
furnace permeability, productivity, or product quality.

Comparative testing followed to evaluate the effect of
coal grind size (granular versus pulverized) on coke dis-
placement and furnace performance as well as the effects
of coal chemistry.  Furnace D was used because of some
temporary operating difficulties on Furnace C.  A high-
volatile, low-carbon Oxbow western coal was used in lieu
of the baseline coal because of plugging problems experi-
enced when pulverizing the baseline low-volatile coal and
because there was the need to evaluate the impact of
high-volatile coal on furnace performance.  The Oxbow
coal averaged 73.2% carbon and 11.2% ash versus 86.3%
carbon and 5.3% ash for the baseline coal.  The granular
Oxbow coal grind was 15% passing 200 mesh and the
pulverized Oxbow coal grind was 74% passing 200 mesh.
Granular coal production required 60% less energy (19.6
kWh/ton) than pulverized coal production (31.4 kWh/
ton).  The grinding mill production rate for pulverizing
the coal limited the coal injection rate to 183 lb/NTHM.
After adjusting for the lower coal injection rate and other
factors, it was determined that the coke rate when using
the Oxbow coal was 46 lb/NTHM higher than when

using the low-volatile baseline coal during tests—a sub-
stantial disadvantage.  The blast furnace performance was
unaffected by whether the coal was pulverized or granular
at the coal injection rate of 183 lb/NTHM.

Environmental PerformanceEnvironmental PerformanceEnvironmental PerformanceEnvironmental PerformanceEnvironmental Performance
Data collected over each test period show that the use of
injected coal in the blast furnace does not cause an in-
crease in the sulfur content of the gas for coals averaging
0.76% sulfur.  Evidence suggests that adjustments to slag
volume and chemistry could effectively handle higher
sulfur coals.  However, the greatest benefit derived from
application of the BFGCI technology is the reduction in
coke usage.  Coke production is air toxics intensive and
to be avoided if at all possible.  With the application of
the BFGCI technology, Bethlehem Steel can maintain
steel production with the limited coke production cur-
rently on site.

Economic SummaryEconomic SummaryEconomic SummaryEconomic SummaryEconomic Summary
Capital cost for one complete injection system at Burns
Harbor was approximately $15 million (1990$).  This
does not include infrastructure improvements, which cost
$87 million at Burns Harbor.  The fixed operating cost,
which includes labor and repair costs, was $6.25/ton of
coal.  The variable operating cost, which includes water,
electricity, natural gas, and nitrogen, was $3.56/ton of
coal.  Coal costs were $50–60/ton.  This brought the total
operating costs to $59.81–69.81/ton of coal.  Using $60/
ton of coal and a natural gas cost of $2.80/106 Btu, the
cost savings would be about $6.50/ton of iron produced.
At Burns Harbor, which produces 5.2 million tons of iron
per year, the annual savings would be about $34 million
and the payback period 3.44 years, using a simple rate of
return calculation.

Commercial Commercial Commercial Commercial Commercial ApplicationsApplicationsApplicationsApplicationsApplications
There are 35 operating blast furnaces in the United States.
Seventeen of them are already using some type of coal
injection.  An extensive market analysis conducted by
Bethlehem Steel showed that 18 of the 35 blast furnaces
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have the potential to utilize a BFGCI system.  In August
1994, U.S. Steel Group contracted with ATSI and Clyde
Pneumatic for the installation of a BFGCI unit at their
Fairfield Works in Alabama, Blast Furnace #8.  The unit,
which began operating in 1995, is similar to Bethlehem’s
except that no added coal grinding facility was needed to
meet the granular coal sizing requirements.  Fairfield
Works Blast Furnace #8 produces 6,300 NTHM/day.  The
BFGCI installation cost at Fairfield was $20.2 million,
with an additional $5.5 million required to build a coal
load-out facility.

ContactsContactsContactsContactsContacts
Robert Bouman, Manager, (610) 694-6792

Bethlehem Steel Corporation
Building C, Room 211
Homer Research Laboratory
Mountain Top Campus
Bethlehem, PA 18016
(610) 694-2981 (fax)

Douglas Archer, DOE/HQ, (301) 903-9443
Leo E. Makovsky, NETL, (412) 386-5814
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